Studies on the prognostic significance of blood pressure on cardiovascular disease have essentially investigated the levels of diastolic or systolic blood pressure. However, blood pressure may also be divided into two other components: steady (mean arterial pressure) and pulsatile (pulse arterial pressure). The relations of these two components with cardiovascular risk factors and cardiovascular mortality were investigated in 18,336 men and 9,351 women aged 40-69 years, who were followed up for a mean period of 9.5 years. However, the interpretation of the relations is complicated by the strong correlation existing between these two components. A principal component analysis was performed to obtain two independent parameters: a steady and a pulsatile component index, strongly correlated with mean and pulse arterial pressure, respectively. In the cross-sectional analysis, relations were stronger with the steady component index than with the pulsatile component index; an association was found between left ventricular hypertrophy and the pulsatile component index in both sexes. The survival analysis was not performed in women under 55 as only 11 cardiovascular deaths occurred in this group. The steady component index was a strong prognostic factor of all types of cardiovascular death in both sexes. In women, the pulsatile component index was positively correlated to death from coronary artery disease and inversely correlated to stroke. In conclusion, the steady component of blood pressure is a strong risk factor for cardiovascular death in both sexes; the pulsatile component could be a risk factor independent of the steady component in women older than 55 years. (Hypertension 1989; 13:392-400)
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Studies on the prognostic significance of blood pressure on cardiovascular disease have essentially investigated the levels of diastolic or systolic blood pressure. However, blood pressure may also be divided into two other components: steady (mean arterial pressure) and pulsatile (pulse arterial pressure). The relations of these two components with cardiovascular risk factors and cardiovascular mortality were investigated in 18,336 men and 9,351 women aged 40-69 years, who were followed up for a mean period of 9.5 years. However, the interpretation of the relations is complicated by the strong correlation existing between these two components. A principal component analysis was performed to obtain two independent parameters: a steady and a pulsatile component index, strongly correlated with mean and pulse arterial pressure, respectively. In the cross-sectional analysis, relations were stronger with the steady component index than with the pulsatile component index; an association was found between left ventricular hypertrophy and the pulsatile component index in both sexes. The survival analysis was not performed in women under 55 as only 11 cardiovascular deaths occurred in this group. The steady component index was a strong prognostic factor of all types of cardiovascular death in both sexes. In women, the pulsatile component index was positively correlated to death from coronary artery disease and inversely correlated to stroke. In conclusion, the steady component of blood pressure is a strong risk factor for cardiovascular death in both sexes; the pulsatile component could be a risk factor independent of the steady component in women older than 55 years. (Hypertension 1989; 13:392-400) M any epidemiological studies have shown a close relation between the level of blood pressure and cardiovascular diseases. 1 -10 The respective roles of the systolic blood pressure (SBP) and diastolic blood pressure (DBP) have also been investigated, 11 - 16 and it has been suggested that DBP is more strongly related to cardiovascular diseases before age 45; whereas SBP is more strongly related to cardiovascular diseases after age 45. Blood pressure is a periodic phenomenon that can be divided into two components: a steady component and a pulsatile component. 1718 The steady component is determined exclusively by two hemo-dynamic measurements: cardiac output and vascular resistance. The pulsatile component represents the variations of the pressure curve around the steady component and is influenced by other hemodynamic mechanisms: the changes in ventricular ejection and large artery compliance and timing of reflected waves. Usually the steady component is estimated by the mean arterial pressure [i.e., DBP+1/3(SBP-DBP)], and the pulsatile component is estimated by the pulse pressure, which is the difference between the SBP and the DBP. It is well established that for the same level of mean arterial pressure, different patterns of pulse pressure may be observed according to the level of ventricular ejection and distensibility. Little has been done to investigate the respective roles of these two components of blood pressure in the risk of cardiovascular disease.
The aim of this analysis is to investigate the association of the steady and the pulsatile components of blood pressure with parameters correlated to blood pressure 3 -81119 - 21 and risk factors for cardiovascular disease and to investigate their prognos-
Dame et al Steady and Pulsatile Pressure Components

393
tic significance on cardiovascular mortality in subjects who underwent a checkup between 1972 and 1977. Mean arterial pressure and pulse pressure are highly correlated; thus, their respective associations with other factors are difficult to interpret when both are introduced in the same model. Therefore, to investigate the roles of the steady and pulsatile components of blood pressure, two new variables were generated by performing a principal component analysis on SBP and DBP. By construction, these two new variables are uncorrelated but are independently highly correlated with mean arterial pressure and pulse pressure.
Materials and Methods
The population of this prospective study was composed of 18,336 men and 9,351 women aged 40-69 years who were bora in France. Clerks and working executives represented 88% of men and 60% of women; 26% of women were housewives. The subjects agreed to undergo a health checkup between May 1972 and May 1977 in the Investigations Pr6-Cliniques (IPC) Check-up Center (Paris, France). Subjects who were receiving antihypertensive drug treatment were excluded from the analysis. Supine blood pressure was measured on the right arm with a manual sphygmomanometer by a nurse after a 10-minute rest period. The first and fifth KorotkofTs sounds were used to define systolic and diastolic pressures. Only one measurement was obtained. A standard 12-lead electrocardiogram was performed on each subject and interpreted by a cardiologist. Heart rate was coded from the electrocardiogram into four classes: <60, 60-80, 80-100, and >100 beats/min. Heart rate was not recorded for the 9,502 subjects who were examined before April 1974. The diagnosis of left ventricular hypertrophy was defined as the presence, on electrocardiogram, of two or more of the following criteria: Sokolow (S vl +greatest of R^RyJ >35 mm, intrinsecoid deflection >0.05 seconds in V 6 , QRS axis between 0° and -90°, Lewis index: (R I -R in )+ (S| U -SL)>17 mm. 22 Weight and height were measured on each subject. Body mass index at entry was computed as weight on height squared. The examination included a self-administered questionnaire with dichotomic (yes or no) questions about tobacco consumption.
Blood samples were collected 45 minutes after a 50 g oral glucose load was administered to subjects not reporting diabetes mellitus and without a glucose load for the others (1,501 men and 489 women). Subjects were not requested to be in a fasting condition on the day of examination. Uricaemia, uremia, glycemia, and cholesterolemia were measured on a Technicon SMA12 (London, England).
The study period ended on December 31, 1984. The mean follow-up period was 9.5 years. At the end of the study period, an inquiry was made at the city hall of the birth town of each subject concerning their vital status (subjects lost to follow-up because of an incomplete address of the city hall represented less than 3% of the study population). Any information on deceased subjects relevant to the cause of death was collected, including all medical records obtained from hospital departments, family doctors, or relatives. This information was then reviewed by a medical committee; 1,115 deaths occurred amGng men and 291 among women. The cause of death remained unknown for 157 men and for 51 women. Cardiovascular disease was the cause of death in 305 men and 43 women and included coronary death, heart failure of any origin, stroke, and sudden death. Coronary death was assessed as myocardial infarction or sudden death in a subject who had an episode of chest pain in the 6 hours preceding death or in a person known to have atherosclerotic coronary disease. Stroke was assessed as either atherosclerotic or hemorrhagic cerebrovascular disease or sudden death with a suggestive syndrome.
Statistical Analysis
Statistical analysis was performed with SAS software. Two independent analyses were performed in men and women. Mean arterial pressure and pulse pressure were computed from SBP and DBP, mean arterial pressure was defined as DBP+1/3 (SBP-DBP)i623 a n ( j p u i s e pressure as SBP-DBP. Pearson correlation coefficients between mean arterial pressure and pulse pressure were 0.42 (p<10~3) in men and 0.52 (p<10~3) in women. To obtain two independent factors, a principal component analysis was performed on SBP and DBP from their covariance matrix (PROC PRINCOMP). The principal component analysis is a multivariate analysis technique that uses a set of linear transformations of the variables studied to create new variables called the principal components. 24 The principal components have the following properties: the principal component variables are uncorrelated; the first has the largest variance of any linear function of the original variables, and the second has the second largest variance, and so on.
When a principal component analysis is performed on two variables, the newly generated variables are a weighed sum and a weighed difference of the original variables. Figure 1 shows the geometric interpretation of these two components. Simple Pearson correlation coefficients were computed for quantitative parameters (PROC CORR). A test of a quadratic effect was effected with PROC RSREG. An analysis of variance was performed to assess the relation between smoking, heart rate, left ventricular hypertrophy, and the dependent variables (PROC GLM). After the exclusion of subjects who died of unknown causes, a survival analysis using a Cox model was performed (PROC PHGLM). The survival analysis was not performed in women under 55 since only 11 cardiovascular deaths were observed in this age group. The analysis of cardiovascular 
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MO OBP mortality was performed with the principal components after adjustment on age.
Results
Principal Components Analysis
The first factor, obtained by the principal component analysis, accounted for 91% of the total variation of SBP and DBP in men and 92% in women. This factor, conventionally called steady component index (SCI), was highly correlated to the "classical" mean arterial pressure, r=0.98, p<10~3 in both sexes (in men, SCI=0.85 SBP+0.52 DBP and in women, SCI=0.87 SBP+0.49 DBP). The second factor was conventionally called pulsatile component index (PCI): in men, PCI=0.52 SBP-0.85 DBP and in women, PCI=0.49 SBP-0.87 DBP, and its correlation coefficient with pulse pressure was 0.80 (p< 10" 3 ) and 0.74 (p<10"
3 ) in men and women, respectively. Since the principal component analysis was performed independently in men and women, the mean values of SCI and PCI cannot be compared between sexes. Table 1 gives the correlation coefficients of these two factors with SBP, DBP, mean arterial pressure, and pulse pressure in both sexes. The SCI was highly correlated with SBP and DBP, whereas PCI was correlated with these parameters to a lesser degree. The PCI was highly negatively correlated with DBP; the correlation of PCI with SBP was much smaller than that of pulse pressure. In both Figure 1 shows the regression of PCI on age; the relation is not linear. An adjunction of an agesquared term in the regression model improved the fit (test of a quadratic effect F=150 [p<10" 3 ] in men and F=52 [p<\0~3] in women). In both sexes PCI appeared to be independent of age before 55 years and to increase linearly with age after 55 (Figures 2  and 3 ). Therefore, a further analysis was made independently in two age groups: less than 55 years, greater than or equal to 55 years, and the analysis was adjusted for age in subjects over age 55. Since SCI and PCI were computed independently of age, the independence of the two components cannot be assumed after subdivision on age; however, the correlation between SCI and PCI remains small. Correlation between SCI and PCI was -0.11 in men before age 55 and 0.11 after age 55 and -0.14 in women before age 55 and 0.08 after age 55. Table 2 indicates the number of subjects, mean and standard deviation of blood pressure, body Table 3 . SCI was correlated with body mass index and glycemia. In both sexes, correlation coefficients of PCI with the other parameters were quite small or not significant. As shown in Table 4 , SCI was slightly associated with cigarette consumption in both sexes. In men, PCI expanded with cigarette consumption. This increase was statistically significant in men under 55 years and, after adjustment on age, in those who were 55 years or older. In women, PCI was larger among those smoking more than 20 cigarettes a day, but that increase was not statistically significant.
Cross-sectional Analysis
As shown in Table 5 , 230 (1.7%) men and 51 (0.5%) women showed electrocardiographic evidence of left ventricular hypertrophy. The mean SCI was increased in all subjects with left ventricular hypertrophy. The mean PCI was also higher among subjects with left ventricular hypertrophy than among those without hypertrophy in each age category and in both sexes. This difference was not statistically significant among men under age 55 (p=0.08). SCI increased with heart rate (Table 6) in both sexes and each age category, whereas an increase of PCI with heart rate was observed only in younger men. 
Longitudinal Analysis
The annual death rate per thousand was six in men and three in women. Table 7 gives the number of cardiovascular deaths observed in each age and in each sex category and presents the results of the analyses of the associations between SCI, PCI, and mortality from cardiovascular deaths, myocardial infarction, and stroke after adjustment for age. The number of cardiovascular deaths was higher among men than women. SCI was a strong prognostic factor of cardiovascular death, myocardial infarction, and stroke in both sexes. In women, PCI was positively correlated to myocardial infarction (after adjustment for age 0=0.09 [SD=0.03] p<10"
3 ) and inversely correlated to stroke (after adjustment for age /3=-0.07 [SD=0.03] p=0.05). PCI was not a prognostic factor of total cardiovascular deaths.
Discussion
This analysis was based on the premise that the pulsatile component of blood pressure could be a risk factor independent of the steady component. Studies on biomaterials have shown that, whatever the mean pressure, the higher the pulsatility the faster the damage of the biomaterial. 1725 Furthermore, a study on patients with arteriosclerosis obliterans of the lower limbs has shown that, after adjustment for mean arterial pressure, an elevated pulse pressure was associated with the severity of the intermittent claudication. 26 In populations, a 164 (20) 172 (23) 156 (17) 169 (24 wide range of pulse pressure is observed for a given mean arterial pressure. However, mean arterial pressure and pulse pressure are strongly correlated: the higher the mean arterial pressure, the higher the extent of the pressure oscillations around the mean.
17
- 27 Thus, the present report did not examine the prognostic significance of mean arterial pressure and pulse pressure, per se. Instead, a principal component analysis was performed that led to two uncorrelated components: a weighed sum and a weighed difference of SBP and DBP. Interestingly, the weights for both factors are almost the same in men and women and similar values were also obtained when using the data of the Paris Prospective Study (unpublished results). Thus, if a relation is shown between a parameter and PCI, this relation is independent of SCI. The purpose of this analysis was to determine whether variables, which have been shown to be related to the level of blood pressure and hypertension, are related to SCI only or to PCI only or to both. The results demonstrate that SCI and PCI are not correlated with the same factors and that the relation between PCI and the studied factors varies according to age and sex. 
Possible Methodological Bias
The limitation of the results is related to the possible bias introduced by the blood pressure measurement, as previously reported. 3 The fact that a single blood pressure measure was performed on each subject may explain the relatively high percentage of subjects appearing to be hypertensive in this population. The main consequence of performing a single blood pressure reading results in a loss of power in the analysis. However, even if a series of measurements does improve the predictability, it has been shown that a single blood pressure measurement in a group of subjects predicts which individuals are more likely to develop cardiovascular diseases. 
Cross-sectional Analysis
The present study has demonstrated a linear relation between SCI and age, and a nonlinear one between PCI and age. The increase in PCI with age, observed in this population only after the age of 55, may be explained partly by the greater increase in SBP than DBP with age after 55 years. 3031 The mechanisms involved to explain this phenomenon are an increase in peripheral resistance (probably from shrinkage of the vascular bed) and an increase in arterial stiffness. 2532 Despite an increase in vascular resistance, DBP may remain constant or even fall if arterial stiffness increases to a relatively greater degree than resistance. 25 - 32 The increase in arterial stiffness observed with advancing age contributes to the explanation of the higher PCI observed in the older subjects in this study. Otherwise, a clinical investigation in hypertensive subjects has shown that factors correlated to pulse pressure vary with age; increased pulse pressure for a given mean arterial pressure is related to increased ventricular ejection in younger subjects, to increased arterial stiffness in older subjects, and to a combination of these factors in middle-aged subjects. 2333 In the present report, for all factors studied, the correlation was stronger with SCI than with PCI. Although the steady component of blood pressure is a main factor of left ventricular hypertrophy, this study also shows that the pulsatile component might also be a risk factor of left ventricular hypertrophy, independent of the steady component. The results of clinical and experimental studies suggest that the pulsatile component of blood pressure is related to the severity of cardiac hypertrophy. 34 Furthermore, a study on middle-aged subjects with essential hypertension has shown that, for a given mean arterial pressure, pulse pressure is correlated to the cardiac mass measured on echocardiography. 35 Other physiological studies have shown that the heart load does not depend solely on the SBP or DBP levels but also on the other components of the impedance spectrum, especially arterial stiffness and distensibility.
-
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- 37 A decrease in arterial distensibility is associated with an increase in pulse pressure. 37 - 38 The fact that, in the present investigation, left ventricular hypertrophy was more strongly related to PCI in the group above age 55 seems to confirm that an increase in arterial stiffness is one of the main factors associated with the increased pulsatility observed in subjects with left ventricular hypertrophy.
Longitudinal Analysis
In the present study, the steady component of blood pressure was a strong cardiovascular risk factor in both sexes, whereas the pulsatile component appeared to be a risk factor only in women. This last result must be considered with caution because of the small number of cardiovascular deaths observed in women. In the Chicago studies, 13 a parameter computerized as rescaled SBP+DBP, appeared to be a better prognostic factor of cardiovascular disease in both sexes than SBP or DBP alone. Relative risks were similar for mean arterial pressure, SBP, and DBP for stroke and coronary artery disease in the Multiple Risk Factor Intervention Trial conducted in men 35-57 years old 39 ; this study also showed that, for all levels of DBP, an increase in SBP and therefore an increased pulse pressure is a risk factor of cardiovascular mortality. A study in Framingham 14 has shown that mean pressure is a better risk factor predicting coronary artery disease in men; whereas, in women, pulse pressure is a better predictor (but in both sexes SBP was the best predictor). In another study, 40 atherothrombotic brain infarction was closely linked to the mean arterial pressure and the SBP, while DBP or pulse pressure did not improve the estimate of risk after adjustment for mean arterial pressure or SBP.
It might be important to consider the relation between PCI and death from ischemic heart disease observed in the present report in women. As previously mentioned, in subjects over 55 years of age, an increased arterial stiffness leads to an increase in the pulsatility because of an increase in the SBP and a decrease in the DBP. 32 On the one hand, an increased SBP is a determinant of cardiac hypertrophy and, on the other hand, a decreased DBP may alter the coronary perfusion. The coronary perfusion depends more on DBP than on SBP, unlike the cerebral perfusion.
l7r7 - 33 This hemodynamic pattern could explain why downward fluctuations in DBP appear to be more dangerous for the heart than for the brain, 41 and why antihypertensive treatments prevent stroke but not myocardial infarction. The inverse relation between PCI and stroke, observed in women, could explain why PCI was not found to be a prognostic factor of total cardiovascular deaths. In the Framingham study, a negative relation between stroke and pulse pressure, measured as SBP-DBP, has been noted, and this only in women. 40 In conclusion, the present report shows that the steady component of blood pressure is a strong risk factor for death from cardiovascular disease in both sexes. This study also suggests that the pulsatile component is a cardiovascular risk factor independent of the steady component in women older than age 55. Further studies are needed to validate these results.
